Introduction
Glioblastoma (GBM) (World Health Organization Grade IV astrocytoma), is the most common primary brain malignancy in adults, accounting for 60-70% of malignant gliomas [1] . Malignant gliomas are highly heterogeneous from both histological and molecular standpoints, adding to the complexity of effectively treating patients with GBM [1, 2] . GBM has been classified into four molecular subtypes including, classical, mesenchymal, neural and proneural based on gene expression/aberrations [3] . Recently, efforts have been made to determine the genetic differences between low grade glioma tumors and those that progress to high grade GBM, which will hopefully provide more clinically relevant interventions [4] . Nevertheless, despite current therapy, the median survival is only 12-15 months [1] , highlighting the need for new approaches to GBM therapy.
Brain tumor initiating cells (BTICs) are pluripotent, selfrenewing and tumorigenic [5] . BTICs are resistant to the Abstract Protein kinase CK2 is a ubiquitously expressed serine/threonine kinase composed of two catalytic subunits (α) and/or (α′) and two regulatory (β) subunits. The expression and kinase activity of CK2 is elevated in many different cancers, including glioblastoma (GBM). Brain tumor initiating cells (BTICs) are a subset of cells that are highly tumorigenic and promote the resistance of GBM to current therapies. We previously reported that CK2 activity promotes prosurvival signaling in GBM. In this study, the role of CK2 signaling in BTIC function was examined. We found that expression of CK2α was increased in CD133 + BTICs compared to CD133 − cells within the same GBM xenolines. Treatment with CX-4945, an ATP-competitive inhibitor of CK2, led to reduced expression of Sox2 and Nestin, transcription factors important for the maintenance of stem cells. Similarly, inhibition of CK2 also reduced the frequency of CD133 + BTICs over the course of 7 days, indicating a role for CK2 in BTIC persistence 1 3 current treatment regimen of chemotherapy and radiation [6, 7] and this resistance to treatment is likely responsible for poor patient survival [1] . There is controversy surrounding BTIC markers, but the most well characterized is the surface marker CD133 [8, 9] . The frequency of CD133 + cells is prognostic for overall survival in glioma patients [10] and its expression is important for self-renewal and tumorigenic potential [11] . BTICs are characterized by the expression of stemness factors important in neural stem cell function [5] . Indeed, these stemness markers, such as Sox2 and Nestin, are important for the maintenance of the stem cell phenotype [5] .
Protein kinase CK2 (casein kinase 2) is a ubiquitously expressed serine/threonine kinase composed of two catalytic subunits (α) and/or (α′) and two regulatory (β) subunits [12] . CK2 is constitutively active and is essential for viability as evidenced by the embryonic lethality of CK2 knockout mice [13, 14] . Importantly, the expression of CK2α is elevated in many solid tumors [12] , including GBM [15] [16] [17] [18] . We have previously described a role for CK2 in NF-κB, PI3K/AKT and STAT3 signaling in GBM. Additionally, we and others have found that inhibition of CK2 provides therapeutic efficacy utilizing in vivo models of GBM [16, 17] . In this study, we expand on these results and examine the role of CK2 in BTIC function. We demonstrate that the expression and activity of CK2 are increased in BTICs compared with other GBM cells, and that CK2 has important roles in the expression of stemness factors. Furthermore, we establish that CK2 activity is critical for BTIC survival and neurosphere formation in primary GBM xenolines of multiple molecular subtypes. In addition, we found that inhibition of CK2 led to decreased EGFR levels, and that inhibition of both CK2 and EGFR activation provided the optimal therapeutic response. Consequently, CK2 is an essential molecule with a pivotal role in BTIC function, warranting further investigation as a therapy for GBM.
Materials and methods

Ethics statement
All experiments with mice (female athymic nude, Harlan Laboratories; C57BL/6, Charles River) were performed with the approval of the University of Alabama at Birmingham Institutional Animal Care and Use Committee.
Reagents
Antibodies to GAPDH from Abcam; Sox2 from Santa Cruz; and EGFR from BD Transduction Laboratories. EGF and bFGF are from either R&D Systems or Miltenyi Biotec Inc. The Millipore Casein Kinase 2 Assay Kit was used to determine CK2 kinase activity. CX-4945, a CK2 inhibitor, was synthesized and generously provided by Cylene Pharmaceuticals [19] .
Human GBM xenolines and cell culture
Human GBM xenolines were isolated from subcutaneous tumors generated from fresh patient samples, which were never cultured on plastic. These flank tumors are maintained by the UAB Brain Tumor Core Facility and have been molecularly characterized as previously described [20] . Culturing the cells as subcutaneous tumors has been shown to better replicate the microenvironment conditions than in vitro cell culture methods. However, this microenvironment is indeed different from the brain. The four xenolines examined represent different molecular subtypes [Proneural (X456), Neural (X1066), Classical (X12 and X6)], have amplifications of EGFR (X12) and/or amplified mutant EGFRvIII (X6), and deletions in p53 (X12, X1066, X456). Xenolines X12, X1066 and X456 also have amplification of CK2α [16] . To generate single cells for culture for each experiment, flank tumors were excised, minced, and digested in the presence of trypsin, collagenase (50 μg/ ml) and DNase I (25 μg/ml). Cells were passed over a 40 μm filter, counted, and cultured in neurobasal media (Gibco) containing MACS Neurobrew-21 without vitamin A (Miltenyi), 1% Pen/Strep, 1% l-glutamine, gentamicin sulfate (0.1 mg/ml), EGF (20 ng/ml) and bFGF (20 ng/ml). Images of neurospheres were captured using an EVOS fluorescent microscope at 20X magnification.
Murine NPC preparation
Embryos (E15) were removed from pregnant C57BL/6 mice and dissected to isolate the telencephalon, a method adapted from [21] . The telencephalon was dissociated by trituration using a 1000 μl pipet tip. The dissociated tissue was passed over a 100 μm cell strainer. The resulting single cells were initially plated at a density of 2 × 10 5 cell/ml in DMEM/F12 media containing MACS Neurobrew-21 without Vitamin A (Miltenyi), 1% Pen/Strep, 1% l-glutamine, EGF (20 ng/ml), bFGF (10 ng/ml) and 0.0002% heparin (Stem Cell). Neurospheres formed over the course of 5-6 days.
Isolation of murine brain tissue
Brain tissue from C57BL/6 mice was harvested on embryonic (E) day 13.5 and then postnatal (P) 1, P5, P10, P20 and P70. RNA was extracted using the mirVana miRNA Isolation Kit (Life Technologies) and cDNA was synthesized as previously described [20] .
Flow cytometry
To assay for intracellular expression of antigens, cells were stained with LIVE/DEAD Fixable Aqua Dead Cell Stain Kit (Molecular Probes) or Fixable Viability Dye eFluor 780 (eBioscience), fixed, and permeabilized with methanol. To stain for CK2α, 70% methanol was used to permeabilize cells and anti-CK2α (Abcam) and anti-CD133/1 (Miltenyi) were used to stain cells. To detect GFAP, Sox2 and Nestin (antibodies from BD Pharmingen), the Foxp3/Transcription Factor Staining Buffer Set (eBioscience) was used per manufacturer′s recommendations. Additionally, for some experiments, Sox2 was detected using a 90% methanol permeabilization.
To assess CD133/1 expression and viability after prolonged (7 day) culture, cells were first dissociated using gentle trituration and multiple washes with MACS Buffer (Miltenyi) containing 0.5% BSA and 2 mM EDTA. Single cells were then stained with anti-CD133/1. Propidium iodide was added to quantify and exclude dead cells.
All analyses were conducted using FlowJo (Tree Star). Cells were first gated to exclude dead cells, followed by gating on FSC/SSC to exclude fragments and clusters of cells. Stain indices were used to normalize for differences in background autofluorescence between cell types or resulting from culture with CX-4945. A stain index for each antibody was calculated by subtracting the median fluorescent intensity (MFI) of the negative (unstained) population from the MFI of the positive population and dividing by 2 times the robust standard deviation of the negative population [22] . Stain index= [(MFI Stained -MFI un stained )/2*SD unstained ].
Immunoblotting
Cells were lysed in RIPA buffer containing protease and phosphatase inhibitors. Equal amounts of protein (10-20 μg) were loaded onto SDS-PAGE gels as previously described [20] . Antibodies used are specified above.
Quantitative real-time PCR
Total RNA was extracted and cDNA was synthesized as previously described [20] . The Taqman primers/probe sets, CK2α (Mm01243794_g1), CK2α′ (Mm01243455_ m1), CK2β (Mm00487216_m1), Sox2 (Mm03053810_s1), GFAP (Mm01253033_m1), EGFR (Hs01076078_m), CK2α (Hs00751002_s1) and CK2α′ (Hs00176505_m1) were used to quantify gene expression; Eukaryotic 18S rRNA (Hs99999901_s1) served as a reference gene.
Cell proliferation assays
Cells (1.5-2 × 10 4 ) were plated in 96 well plates and cultured for 72 h. Cell Proliferation Reagent WST-1 (Roche) was then added, as previously described [16] .
RNA interference
X456 cells were transfected with 200 nM of nontarget (NT) siRNA or 100 nM of CK2α and CK2α′ siRNA using Lipofectamine RNAiMax (Life Technologies), as previously described [23] . Cells were transfected 48 h prior to sorting for in vitro limiting dilution assay. Knockdown efficiency was assessed by extracting RNA from transfected cells and using qPCR to quantitate expression of CK2α and CK2α′.
In vitro limiting dilution assay
Xenolines were dissociated and plated into 96 well plates using either dilution plating as indicated on the x-axis (example: 1000, 500, 200, 50, and 10 cells/well; replicates of at least eight per dilution) or by sorting using the BD FACSAria II as described in [24] . When FACS sorted, cells were gated on single cells (SSC-W vs. SSC-H) and propidium iodide staining was used to exclude dead cells. Cells were plated into neurobasal media (Gibco) containing MACS Neurobrew-21 without Vitamin A (Miltenyi), 1% Pen/Strep, 1% l-glutamine, gentamicin sulfate (0.1 mg/ml), EGF (20 ng/ml) and bFGF (20 ng/ml). Cells were monitored daily (by inverted microscope) starting 5-6 days after plating. Once neurospheres were visualized in the wells seeded with the most cells, all wells and conditions were counted. In some experiments cells were plated into 50% conditioned medium from the same xenoline. Conditioned media was harvested after 3-4 days of culture with healthy cells; cells were removed by centrifugation and media was sterile filtered (0.22 μM). Neurospheres were manually counted using an inverted microscope. One technician read all of the plates, which were blinded by a second technician on the day of setup. A neurosphere was defined as a cluster of >8 cells in diameter (80 μM). Extreme limiting dilution analysis was used to analyze data (http://bioinf.wehi.edu. au/software/elda/).
Densitometry and statistical analysis
Densitometric analysis was performed using Image J on scanned blots. GAPDH was used for normalization. Values for DMSO treated cells were then normalized to one for each timepoint.
All statistical analyses were performed using SigmaPlot. For all analyses, equal variance and normal distribution tests were applied. If both passed, a Student′s t-test was used to compare two samples and a one-way ANOVA with Tukey′s post-hoc test was used to compare three or more samples. If normal distribution failed, then Mann Whitney test was used for two comparisons and Kruskal-Wallis test was used for more than two comparisons. p < 0.05 was considered statistically significant. Error bars represent mean ± SD.
Results
The expression and activity of CK2α is increased in BTICs CK2 activity is essential for cell viability [13, 14] and CK2 is highly expressed in the brain [25] , but little is known about the dynamics of its subunit expression in stem cells compared to more differentiated astrocytes. Initially, we assessed the expression of the CK2 subunits (α, α′, β) during murine neurodevelopment between embryonic day 15 (E15) and postnatal 70 (P70). We found that expression of all three subunits of CK2 was highest at embryonic day 15 (E15) and decreased after birth (P1) (Fig. 1a) . Interestingly, the expression pattern of CK2 mirrored that of Sox2, a transcription factor important for late stage cellular reprogramming [26] (Fig. 1a) . On the other hand, glial fibrillary acidic protein (GFAP), a marker of differentiation for astrocytes [27] , increased following birth (P1) and continued to increase until P5, when the levels remained high until P70 (Fig. 1b) . This dynamic between Sox2 and GFAP indicates a transition from a stem-like population where Sox2 expression is high to a more differentiated astrocytic population, as evidenced by increased GFAP expression. Therefore, the finding that CK2 levels are highest in the stem-like population suggests that CK2 may be important for stem cell function.
We and others have previously demonstrated that CK2α expression is increased in GBM [15] [16] [17] [18] . We extended these findings by assessing the expression and activity of CK2 in BTICs. CK2 protein expression and activity was examined in malignant GBM neurospheres compared to non-transformed murine neural precursor cells (NPCs). Using flow cytometry, we found that protein expression of CK2α, the major catalytic subunit of CK2, is elevated in neurospheres from the X456 GBM xenoline, a pediatric GBM of the Proneural molecular subtype compared with neurospheres from NPCs (Fig. 1c) . More importantly, using CK2α and CK2α′ subunits immunoprecipitated from cell lysates, we found that the CK2 kinase activity was significantly elevated in X456 neurospheres compared to NPCs (Fig. 1d) . Protein expression of the CK2α subunit and CK2 kinase activity display similar patterns in these cells, suggesting a strong correlation between CK2α protein levels and kinase activity (Fig. 1c, d) .
Expression of CK2α is increased in GBM [15] [16] [17] [18] ; therefore, it is essential to discern if the expression of CK2 is further increased in BTICs, as increased expression of CK2 may render BTICs even more susceptible to CK2 inhibition. As previously mentioned, CD133 is commonly used as a BTIC marker [8, 9] . The validity of the CD133 marker in our xenolines was evaluated, and we observed an enhancement of stemness marker expression (Sox2 and Nestin) in CD133
+ cells compared with all live GBM cells (Fig. S1) . Flow cytometry was used to determine the pattern of CK2α expression in BTICs (CD133 + ) compared with non-stem cells (CD133 − ) within the same GBM xenoline. Indeed, we found that in freshly isolated cells from X1066, a xenoline of the neural subtype, CK2α expression was significantly increased in the stem cell (CD133 + ) population compared to the CD133 − population (Fig. 1e,  f) . Comparable results were also observed for X12, a xenoline of the classical molecular subtype (data not shown). This indicates that the BTIC populations within the same xenoline have increased expression of the CK2α catalytic subunit.
The expression of stemness factors is reduced by CK2 inhibition
Sox2 is a transcription factor important for proliferation and tumorigenicity of BTICs [28] . To investigate a possible role for CK2 signaling in maintenance of the stem cell phenotype, we treated neurospheres from the GBM xenoline X456 with CX-4945 for 4-24 h and immunoblotted for expression of Sox2. A substantial reduction of Sox2 was observed in cells treated with CX-4945 compared to vehicle control, in a time-dependent manner (Fig. 2a) . We further quantified the expression of stemness factors in X456 neurospheres following 24 h of treatment with CX-4945. Using flow cytometry, a significant reduction in the expression of the stemness markers Sox2 and Nestin in cells treated with CX-4945 was observed (Fig. 2b, c) . The reduction of Sox2 expression was highly consistent between the immunoblotting and flow cytometry methods (Fig. 2a, b) . On the other hand, we did not observe an increase in the expression of GFAP (Fig. 2d) . These findings suggest that CK2 signaling is responsible for maintenance of the stem cell phenotype.
The viability and frequency of GBM stem cells is dependent on CK2 activity
Protein kinase CK2 has important roles in cell cycle and cell survival [12] . We assessed the effect of CK2 inhibition on neurosphere proliferation/viability using the WST-1 assay. We found that 72 h treatment with CX-4945 effectively reduced proliferation/viability in both X456 and X12 xenolines (Fig. 3a, b) . Moreover, the size of neurospheres from X456 and X12 xenolines cultured with CX-4945 was also greatly reduced compared to DMSO control neurospheres (Fig. 3c, d ). Together, these findings suggest that inhibition of CK2 reduces proliferation and/or cell viability of BTICs.
To determine if the results from the WST-1 assay were due to a reduction in BTIC viability, cell viability and surface CD133 expression was examined by flow cytometry. After 7 days of culture with CX-4945, there was a significant decrease of viable X12 cells compared to those cultured with DMSO (Fig. 3e, right) . There was a modest reduction in viability of CX-4945 treated cells after 3 h of treatment (Fig. 3e, left) . Significantly, we also observed a substantial reduction in CD133 + cells following 7 days of CX-4945 treatment when compared to DMSO control (Fig. 3f, right) . No reduction in CD133 expression was detected after 3 h of culture with CX-4945 (Fig. 3f, left) . Furthermore, the expression of CD133 was assessed after excluding dead cells from analysis. Therefore, the reduction of BTICs following culture with CX-4945 is even more striking considering there are less than 1/3 of cells viable after 7 days. We also confirmed this reduction in BTICs by examining the stemness factor, Sox2, after 7 days of culture with CX-4945. Consistent with our previous results, we observed a significant decrease in Sox2 expression following prolonged culture with CX-4945 (Fig. 3g) .
Consequently, these findings suggest that inhibition of CK2 has profound effects on BTIC viability and numbers.
CK2 signaling promotes neurosphere formation
The reduction of cell viability and frequency of CD133 + stem cells following CK2 inhibition suggests that CK2 signaling plays an important role in BTIC function. To directly assess the effect of CK2 signaling on BTIC neurosphere formation, we utilized the in vitro limiting dilution assay. This assay is performed by plating exact numbers of cells from a xenoline in a 96 well plate and monitoring for neurosphere formation, allowing for an estimate of the frequency of stem cells. Treatment of three different xenolines (X456, X12 and X6) with CX-4945 led to a significant reduction in neurosphere formation (Fig. 4a-c, f) . Additionally, using siRNA knockdown of CK2α and CK2α′, we confirmed that the catalytic subunits of CK2 are critical for neurosphere formation (Fig. 4d-f ). These findings highlight the effectiveness of CK2 inhibition on neurosphere formation in multiple molecular subtypes. Importantly, CX-4945 is only added at the onset of the prolonged assay, emphasizing the potency of CK2 inhibition on neurosphere formation.
Inhibition of CK2 results in decreased EGFR expression
It has been observed in lung cancer cells that CX-4945 treatment decreases EGFR expression [29] . EGFR amplifications and/or constitutively active mutations (EGFRvIII) are extremely common in GBM. Therefore, we sought to determine if inhibiting CK2 in GBM neurospheres would lead to a decrease in EGFR levels. We found that treatment with CX-4945 significantly reduced EGFR mRNA in X456 cells, but not X6 cells (Fig. 5a-b) . The unchanged EGFR levels in X6, which harbors the EGFRvIII constitutively active mutant, could be a potential mechanism of resistance when treated with CX-4945. Therefore, we tested combination CX-4945 and gefitinib treatment to inhibit both CK2 and EGFR signaling in X6 cells. We found that combination treatment led to a significant reduction in viability/proliferation in X6 cells when compared to DMSO or single agent alone (Fig. 5c ). These findings suggest that both CK2 and EGFR signaling should be targeted to provide optimal therapeutic response.
Discussion
We report that expression of CK2α, a CK2 catalytic subunit, is increased in BTICs compared to non-BTICs of the same xenoline. This enhanced expression of CK2 in stemlike populations from xenolines has not been previously described in GBM. Enhanced expression of CK2 catalytic subunits may render these cells more susceptible to inhibition with ATP-competitive inhibitors such as CX-4945. Interestingly, three of the four xenolines tested (X12, or vehicle control for 3 h or 7 days were assessed for viability e, frequency of CD133 + stem cells f and total number of CD133 + cells, using flow cytometry. Fractions of viable cells and CD133 + cells were normalized to DMSO control at 3 h or 7 days (n = 3). g X12 cells were assessed for expression of Sox2 by flow cytometry after 7 days of culture with CX-4945 (10 μM) or vehicle control (n = 3). *p < 0.05 X1066, X456) have a gene dosage gain in CSKN2A1, the gene encoding CK2α. We previously reported that this gene dosage gain is found in approximately one-third of GBM tumors, and is enriched in the classical molecular subtype [16] . Notably, we found that the enhanced expression of CK2α in BTICs and reduced neurosphere formation upon CK2 inhibition is not restricted to one molecular subtype. The four xenolines examined represent different molecular subtypes (Proneural, Neural, Classical), have amplifications of EGFR (X12) and/or amplified mutant EGFRvIII (X6), and deletions in p53 (X12, X1066, X456). These findings are important given the extensive heterogeneity of GBM, and indicate that GBMs with amplifications in EGFR, the most common genetic abnormality in GBM [3, [30] [31] [32] will likely be responsive to therapeutics directed at CK2 inhibition.
Although examining the role of CK2 in BTIC population in all four TCGA subtypes for all assays would have been desirable, we found this was not always achievable. For instance, the expression of CK2α in CD133 + and CD133 − cells was examined in freshly isolated X1066, but these cells were not amenable to longer cultures (e.g. proliferation/viability and limiting dilution assays). Throughout this manuscript, we consistently use X456 and X12 xenolines, representing the proneural and classical subtypes, respectively, to illustrate the critical findings of this manuscript. Furthermore, X6 (classical subtype) was used in the limiting dilution assay and EGFR experiments due to the amplification (VIII) of EGFR as a comparison to X12 and X456, which express wild-type EGFR. Lastly, CD133 expression is undetectable in X456 in our hands, which is why it was not used in experiments where CD133 + cells were characterized.
Recently, the Li group published a paper on CK2 and the role of β-catenin in BTIC function [17] . Our manuscript extends these findings by examining four different xenolines characterized for their molecular signature, representing the Neural, Proneural, and Classical molecular subtypes. Additionally, we confirmed that CD133 expression is reduced following CK2 inhibition. The rationale for examining CD133 expression after 7 days was to assess the long-term effectiveness of CX-4945 in vitro on CD133 + BTICS. Specifically, by culturing the cells over the course of a week, it allowed us to evaluate the viable cell fraction of CD133 + and CD133 − cells, giving us further insight into whether CX-4945 would be effective long term or whether a population resistant to the effects of CX-4945 would begin to form. Furthermore, we highlight a reduction in the expression of stemness factors (Sox2, Nestin) in BTICs, as well as a reduction in the overall frequency of BTICs following treatment with CX-4945. This distinction is important as CK2 inhibition not only reduces the expression of stemness factors within individual cells, but also reduces the overall frequency of BTICs. The reduction of the stemness factor Sox2 is particularly meaningful since Sox2 is a reprogramming factor that is important for pluripotency [26] . Additionally, Sox2 expression has been shown to be crucial for proliferation and tumorigenicity of BTICs [28] . The reduction of Sox2 expression following culture with CX-4945 likely contributes to the reduced viability and suppression of neurosphere formation. However, GFAP expression was not induced following culture with CX-4945, suggesting that other stimuli are required to fully transform a cell from a stem-like phenotype into an astrocytic phenotype. The reduction in CD133, Sox2 and Nestin by CK2 inhibition indicates a role for CK2 in BTIC persistence and survival.
Moreover, we demonstrate a functional reduction in neurosphere formation when expression of the catalytic subunits of CK2 are either knocked-down with siRNA or c Xenograft X6 was simultaneously treated with graded concentrations of CX-4945 and gefitinib for 96 h, and cell survival was assessed using the WST-1 assay (n = 3). *p < 0.05 inhibited using CX-4945. The in vitro limiting dilution assay is useful as it does not exclusively rely on particular markers for stem-like cells. We demonstrate the importance of CK2 signaling in BTIC function using three different xenolines, including two of the classical molecular subtype (X12, X6) and one of the proneural subtype (X456). Also, we observe this result in xenolines with a gene dosage gain of CSNK2A1 (X456, X12) as well as no gain (X6). Due to the success of CK2 inhibition in all xenolines tested, our results indicate that inhibition of CK2 would likely be therapeutic in all molecular subtypes.
Lastly, we found that treatment of two different xenolines (X6 and X456) with CX-4945 led to a significant decrease in EGFR mRNA expression, which has also been observed in lung cancer cells [29] . However, only X456 xenoline displayed a decrease in EGFR mRNA expression, while X6, which has the amplified EGFRvIII mutant, did not show a reduction in EGFR mRNA levels. Others have reported that combination CK2 and EGFR inhibition is the most effective method to inhibit tumor growth [33] . Therefore, we tested combination CX-4945 and Gefitinib in the X6 xenoline and found that combination treatment provided optimal inhibition of viability/proliferation when compared to single agent therapy. Therefore, targeting both CK2 and EGFR should be considered to provide optimal therapeutic response.
CK2 signaling has recently been reported to be important in stem-like cells of mesothelioma [34] , lung [35] , ovarian [36] and cervical [37] cancers, as well as leukemia [38] . This highlights the pervasiveness of CK2 signaling in the biology of stem-like cells. Our findings indicating the dependence of BTICs on CK2 signaling have important implications for GBM therapy, as BTICs represent a highly tumorigenic subset of GBM cells that are radio-and chemoresistant, proangiogenic and highly invasive, and serve as an important target for new therapeutic approaches.
